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(57) ABSTRACT

The present invention relates to a wireless communication
system, and more specifically to a method and an apparatus
for feeding back the muting point information 1 a coordi-
nated multi-point communication system. A method for
enabling a terminal to transmit feedback information for the
coordinated transmission i1n the wireless communication
system according to one embodiment of the present mnven-
tion comprises the steps: receiving reference signals for the
teedback of the channel state information from a plurality of
base stations capable of participating i1n the coordinated
transmission; measuring each channel state value for the
plurality of base stations based on the reference signals; and
transmitting the muting point information to indicate the
preferring base station participating i1n the coordinated trans-
mission among the plurality of base stations.
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1

FEEDBACK METHOD IN COORDINATED
MULTI-POINT COMMUNICATION SYSTEM
AND APPARATUS THEREOF

TECHNICAL FIELD

The following description relates to a wireless commu-
nication system and, more particularly, to a method and
apparatus for transmitting and recerving channel state infor-
mation 1n a cooperative multipoint communication system.

BACKGROUND ART

MIMO (multiple-input multiple-output) refers to a
method for improving data transmission/reception efliciency
by adopting multiple transmit (1x) antennas and multiple
receive (Rx) antennas rather than using a single Tx antenna
and a single Rx antenna. A receiving side receives data
through a single antenna path when a single antenna 1s used,
whereas the receiving side receives data through multiple
paths when multiple antennas are used. Accordingly, MIMO
may increase data transier rate and throughput and improve
coverage.

Single-cell MIMO may be classified 1nto single user
MIMO (SU-MIMO) 1n which a single user equipment (UE)
receives a downlink signal in a single cell and multi-user
MIMO (MU-MIMO) 1 which two or more UEs receive
downlink signals in a single cell.

Meanwhile, a coordinated multipoint (CoMP) system for
improving throughput of a UE located at a cell edge by
applying improved MIMO to a multi-cell environment 1s
being studied. The CoMP system may reduce inter-cell
interference 1n a multi-cell environment and improve system
performance.

DISCLOSURE
Technical Problem

For CoMP operation, a UE operating 1n a multi-cell
environment needs to feed back channel state imnformation
(CSI) on a serving cell and CSI on a neighboring cell
participating in CoMP operation. Here, when a conventional
CSI feedback method with respect to a single cell 1s used, the
number of cells whose CSI needs to be fed back increases,
resulting 1n feedback overhead increase.

In addition, since feedback overhead increases 1n a CoMP
system while capacity of a channel on which feedback
information can be transmitted 1s limited, suth

icient feedback
information for CoMP operation may not be transmitted.

An object of the present invention devised to solve the
problem lies in a method and apparatus for feeding back
muting point information i a system supporting CoMP
operation.

The technical problems solved by the present invention
are not limited to the above technical problems and those
skilled 1in the art may understand other technical problems
from the following description.

Technical Solution

The object of the present invention can be achieved by
providing a method for enabling a user equipment (UE) to
transmit feedback information with respect to coordinated
multi-point (CoMP) transmission in a wireless communica-
tion system, the method including: recerving reference sig-
nals for feedback of channel state information (CSI) from a
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2

plurality of base stations capable of participating in CoMP
transmission; measuring channel state values with respect to
the plurality of base stations on the basis of the reference
signals; and transmitting muting point information deter-
mined on the basis of the channel state values and indicating
a preferred base station not-participating in CoMP transmis-
sion from among the plurality of base stations.

In another embodiment of the present invention, provided
herein 1s a method for enabling a UE to transmit feedback
information with respect to CoMP transmission 1n a wireless
communication system, the method including: receiving a
first reference signal on the basis of first configuration
information corresponding to a case 1 which interference
from a plurality of base stations capable of participating 1n
CoMP transmission 1s present; receiving a second reference
signal on the basis of second configuration information
corresponding to a case in which interference from the
remaining base stations except for at least one of the
plurality of base stations 1s present; respectively measuring,
a first channel state value and a second channel state value
on the basis of the first reference signal and the second
reference signal; calculating a channel quality index (CQI)
on the basis of one selected between the first channel state
value and the second channel state value; and transmitting
the CQI and a selection 1index including information on the
selection.

In another embodiment of the present invention, provided
herein 1s a UE for transmitting feedback information with
respect to CoMP transmission in a wireless communication
system, the UE including: a reception module for receiving
downlink signals from a plurality of base stations capable of
participating in CoMP transmission; a transmission module
for transmitting an uplink signal to the plurality of base
stations; and a processor for controlling the UE comprising
the reception module and the transmission module, wherein
the processor 1s configured to receive reference signals for
CSI feedback from the plurality of base stations through the
reception module, to measure channel state values with
respect to the plurality of base stations on the basis of the
reference signals, and to transmit muting point information
through the transmission module, the muting point informa-
tion being determined on the basis of the channel state
values and 1ndicating a preferred base station not-participat-
ing in CoMP transmission from among the plurality of base
stations.

In another embodiment of the present invention, provided
herein 1s a UE for transmitting feedback information with
respect to CoMP transmission in a wireless communication
system, the UE including: a reception module for receiving
downlink signals from a plurality of base stations capable of
participating in CoMP transmission; a transmission module
for transmitting an uplink signal to the plurality of base
stations; and a processor for controlling the UE comprising
the reception module and the transmission module, wherein
the processor 1s configured to receive, through the reception
module, a first reference signal on the basis of first configu-
ration information corresponding to a case in which inter-
ference from a plurality of base stations capable of partici-
pating in CoMP transmission 1s present, to receive, through
the reception module, a second reference signal on the basis
ol second configuration information corresponding to a case
in which terference from the remaining base stations
except for at least one of the plurality of base stations is
present, to respectively measure a first channel state value
and a second channel state value on the basis of the first
reference signal and the second reference signal, to calculate
a CQI on the basis of one selected between the first channel
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state value and the second channel state value and to
transmit the CQI and a selection index including information
on the selection through the transmission module.

The following may be commonly applied to the above-
described embodiments of the present invention.

The method may further include determining a base
station not-participating 1n CoMP transmission from among
the plurality of base stations on the basis of the muting point
information on a network.

The method may further include receiving muting point
combination information about combinations of base sta-
tions not-participating 1n CoMP transmission from among,
the plurality of base stations, wherein the muting point
information indicates one ol the combinations ncluded 1n
the muting point combination information.

The muting point information may indicate a specific
number of base stations from among the plurality of base
stations as preferred non-participating base stations.

The muting point information may indicate a predeter-
mined number of or fewer base stations from among the
plurality of base stations as preferred non-participating base
stations.

The calculating of the CQI may include: calculating the
CQI on the basis of the second channel state value when a
difference between the second channel state value and the
first channel state value 1s greater than a muting reference
value; and calculating the CQI on the basis of the first
channel state value when the difference between the second
channel state value and the first channel state value 1s less
than or equal to the muting reference value.

The first reference signal and the second reference signal
may be disposed in different subirames.

The first reference signal and the second reference signal
may be disposed in different resource elements.

The method may further include receiving the first con-
figuration information and the second configuration infor-
mation.

The above description and the following description are
exemplary and are for additional explanation of the claims.

Advantageous Effects

According to the present invention, 1t 1s possible to
provide a method and apparatus for feeding back muting
point information 1n a system supporting CoMP operation.

The eflects of the present invention are not limited to the
above-described effects and other eflects which are not
described herein will become apparent to those skilled 1n the
art from the following description.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the mvention. In the
drawings:

FIG. 1 1s a conceptual view 1llustrating CoMP operations
of an intra eNB and an inter eNB;

FIG. 2 1s a block diagram illustrating the structure of a
transmitter including multiple antennas;

FIG. 3 illustrates the structure of a type-1 radio frame;

FI1G. 4 1llustrates the structure of a type-2 radio frame;

FIG. 5 illustrates an exemplary resource grid of a down-
link slot;

FIG. 6 illustrates the structure of a downlink subframe;

FI1G. 7 1illustrates the structure of an uplink subframe;
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4

FIG. 8 illustrates a configuration of a wireless communi-
cation system including multiple antennas;

FIG. 9 illustrates reference signal patterns defined 1n LTE;

FIG. 10 illustrates exemplary CSI-RS patterns defined 1n
LTE-A;

FIG. 11 illustrates an example of CSI feedback 1in a
non-CoMP system;

FIG. 12 illustrates an example of CSI feedback 1n a CoMP
system;

FIG. 13 illustrates an example of CSI feedback with an
increased container payload size;

FIG. 14 illustrates an example of CSI feedback in which
CSI on a serving cell and CSI on a neighboring cell are
alternately transmitted;

FIG. 15 illustrates an example of transmitting muting
point information as additional feedback information;

FIG. 16 1s a flowchart 1llustrating an exemplary feedback
method according to an embodiment of the present inven-
tion;

FIG. 17 1s a flowchart illustrating another exemplary
teedback method according to an embodiment of the present
invention;

FIG. 18 1s a flowchart illustrating another exemplary
teedback method according to an embodiment of the present
invention; and

FIG. 19 illustrates configurations of a UE and an eNB
according to an embodiment of the present invention.

BEST MODE

The embodiments of the present invention described
hereinbelow are combinations of elements and features of
the present invention. The elements or features may be
considered selective unless otherwise mentioned. Each ele-
ment or feature may be practiced without being combined
with other elements or features. Further, an embodiment of
the present invention may be constructed by combining parts
of the elements and/or features. Operation orders described
in embodiments of the present invention may be rearranged.
Some constructions of any one embodiment may be
included 1n another embodiment and may be replaced with
corresponding constructions of another embodiment.

In the embodiments of the present invention, a description
1s made, centering on a data transmission and reception
relationship between a base station (BS) and a user equip-
ment (UE). The BS 1s a terminal node of a network, which
communicates directly with a UE. In some cases, a speciiic
operation described as performed by the BS may be per-
formed by an upper node of the BS.

Namely, 1t 1s apparent that, 1n a network comprised of a
plurality of network nodes including a BS, various opera-
tions performed for commumnication with a UE may be
performed by the BS, or network nodes other than the BS.
The term ‘BS’ may be replaced with the term ‘fixed station’,
‘Node B’, ‘evolved Node B (eNode B or eNB)’, ‘Access
Point (AP)’, etc. The term ‘UE’ may be replaced with the
term ‘terminal’, ‘Mobile Station (MS)’, ‘Mobile Subscriber
Station (MSS)’, ‘Subscriber Station (5S)°, etc.

Specific terms used for the embodiments of the present
invention are provided to help the understanding of the
present invention. These specific terms may be replaced with
other terms within the scope and spirit of the present
invention.

In some cases, to prevent the concept of the present
invention from being ambiguous, structures and apparatuses
of the known art will be omitted, or will be shown 1n the
form of a block diagram based on main functions of each
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structure and apparatus. Also, wherever possible, the same
reference numbers will be used throughout the drawings and
the specification to refer to the same or like parts.

The embodiments of the present invention may be sup-

ported by standard documents disclosed for at least one of 5

wireless access systems, Institute of Flectrical and Electron-
ics Engineers (IEEE) 802, 3" Generation Partnership Proj-

ect (3GPP), 3GPP Long Term Evolution (3GPP LTE), LTE-
Advanced (LTE-A), and 3GPP2. Steps or parts that are not
described to clarily the technical features of the present
invention may be supported by those documents. Further, all
terms as set forth herein may be explained by the standard
documents.

Techniques described herein may be used in various
wireless access systems such as Code Division Multiple
Access (CDMA), Frequency Division Multiple Access
(FDMA), Time Division Multiple Access (TDMA),
Orthogonal Frequency Division Multiple Access (OFDMA),
Single Carrier-Frequency Division Multiple Access (SC-
FDMA), etc. CDMA may be implemented as a radio tech-
nology such as Universal Terrestrial Radio Access (UTRA)
or CDMA2000. TDMA may be implemented as a radio
technology such as Global System for Mobile communica-
tions (GSM)/General Packet Radio Service (GPRS)/En-
hanced Data Rates for GSM Evolution (EDGE). OFDMA
may be implemented as a radio technology such as IEEE
802.11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE 802.20,
Evolved-UTRA (E-UTRA) etc. UTRA 1s a part of Universal
Mobile Telecommunication System (UMTS). 3GPP LTE 1s
a part of Evolved UMTS (E-UMTS) using E-UTRA. 3GPP
LTE employs OFDMA for downlink and SC-FDMA {for
uplink. LTE-A 1s an evolutlon of 3GPP LTE. WiMAX can be
described by the IEEE 802.16¢ standard (Wireless Metro-
politan Area Network (WirelessMAN-OFDMA Reference
System) and the IEEE 802.16m standard (WirelessMAN-
OFDMA Advanced System). For clarty, this application
focuses on the 3GPP LTE/LTE-A system. However, the
technical features of the present mvention are not limited
thereto.

A description will be given of a CoMP system with
reference to FIG. 1. FIG. 1 1s a conceptual view 1llustrating,
CoMP operations of an intra eNB and an inter eNB.

In order to meet the requirements of 3GPP LTE-A,
coordinated multipoint (CoMP) transmission (usually
referred to as co-MIMO, collaborative MIMO, network

MO, etc.) has been proposed for system performance

MI
enhancement. CoMP can increase cell-edge UE perfor-
mance and enhance average sector throughput.

In general, inter-cell interference (ICI) may reduce cell-
edge UE performance and average sector throughput under
a multi-cell environment with a frequency reuse factor of 1.
To mitigate ICI, a simple passive technique, such as frac-
tional frequency reuse (FFR) with UE specific power control
has been employed in LTE 1n order to provide reasonable
throughput performance for cell-edge UEs 1n an interfer-
ence-limited environment. Instead ol reducing frequency
resource usage per cell, it 1s more beneficial to reuse ICI as
a desired signal or mitigate the ICI. To accomplish the above
object, CoMP transmission 1s applicable.

Referring to FIG. 1, intra eNBs 110 and 120 and an inter
eNB 130 are present 1n a multi-cell environment.

In LTE, an intra eNB 1s composed of several cells (or
sectors). Cells belonging to an eNB to which a specific UE
belongs correspond to the intra eNBs 110 and 120 with
respect to the specific UE. That 1s, cells that share an eNB
including a cell to which a specific UE belongs correspond

to intra eNBs 110 and 120 and cells that belonging to other
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eNBs correspond to inter eNBs 130. The cells (1.e. intra
e¢NBs) based on the eNB to which the specific UE belongs
may exchange information (e.g. data, channel state infor-
mation (CSI), etc.) without an additional iterface between
schedulers thereof, whereas cells (1.e. inter eNBs) based on

other eNBs may exchange information through a backhaul
140, etc.

As shown 1n FIG. 1, a single-cell MIMO UE 1350 located
in a single cell may communicate with a single serving eNB
in one cell (cell A, cell B, cell D or cell E) and a multi-cell
MIMO UE 160 located at a cell edge may communicate with
a plurality of serving eNBs 1n multiple cells (cell A and cell
B or cell B, cell C and cell D).

CoMP schemes applicable to downlink may be catego-
rized 1nto joint processing (JP) and coordinated scheduling/
beamiorming (CS/CB).

In JP, each point (eNB) of a CoMP coordination unit may
use data. The CoMP coordination unit refers to a set of eNBs
used for a coordinated transmission scheme. JP may be
divided 1nto joint transmission and dynamic cell selection.

Jomnt transmission refers to a scheme through which
PDSCHs are simultaneously transmitted from a plurality of
points (some or all CoMP coordination units). That 1s, data
may be simultaneously transmitted to a single UE from a
plurality of transmission points. Through joint transmission,
quality of a received signal may be improved coherently or
non-coherently and interference on other UEs may be
actively eliminated.

Dynamic cell selection refers to a scheme by which a
PDSCH 1s transmitted from one point (in a CoMP coordi-
nation unit). That 1s, data 1s transmitted to a single UE from
a single point at a specific time, other points 1n the coordi-
nation unit do not transmit data to the UE at the time, and
the point that transmits the data to the UE may be dynami-
cally selected.

According to the CS/CB scheme, CoMP coordination
units may collaboratively perform beamforming of data
transmission to a single UE. Here, user scheduling/beaming
may be determined according to coordination of cells in a
corresponding CoMP coordination unit although data 1is
transmitted only from a serving cell.

In case of uplink, coordinated multi-point reception refers
to reception of a signal transmitted according to coordina-
tion among a plurality of points geographically spaced apart
from one another. A CoMP reception scheme applicable to
uplink may be classified into jomnt reception (JR) and
coordinated scheduling/beamiorming (CS/CB).

JR 1s a scheme by which a plurality of reception points
receives a signal transmitted over a PUSCH and CS/CB 1s a
scheme by which user scheduling/beamiorming i1s deter-
mined according to coordination among cells 1 a corre-
sponding CoMP coordination unit while one point receives
a PUSCH.

FIG. 2 1s a block diagram 1illustrating the structure of a
transmitter including multiple antennas.

Retferring to FIG. 2, a transmitter 200 includes encoders
210-1 to 210-K, modulation mappers 220-1 to 220-K, a
layer mapper 230, a precoder 240, resource element mappers
250-1 to 250-K and OFDM signal generators 260-1 to
260-K. In addition, the transmitter 200 includes Nt Tx
antennas 270-1 to 270-Nt.

The encoders 210-1 to 210-K encode input data according,
to a predetermined coding scheme to generate coded data.
The modulation mappers 220-1 to 220-K map the coded data
to modulation symbols representing positions on a signal
constellation. A modulation scheme i1s not limited and
m-phase shift keying (m-PSK) or m-quadrature amplitude
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modulation (m-QAM) may be used as the modulation
scheme. For example, m-PSK may be BPSK, QPSK or

8-PSK and m-QAM may be 16-QAM, 64-QAM or 256-
QAM.

The layer mapper 230 defines layers of the modulation
symbols such that the precoder 240 may distribute antenna-
specific symbols to antenna paths. A layer 1s defined as an
information path connected to the precoder 240. Information
path located before the precoder 240 may be a virtual
antenna or layer.

The precoder 240 processes the modulation symbols by a
MIMO scheme according to the multiple Tx antennas 270-1
to 270-Nt to output antenna-specific symbols. The precoder
240 distributes the antenna-specific symbols to resource
clement mappers 250-1 to 250-K corresponding to paths of
corresponding antennas. An information path assigned to
one antenna by the precoder 240 1s referred to as a stream.
The stream may be referred to as a physical antenna.

The resource element mappers 250-1 to 250-K allocate
the antenna-specific symbols to appropriate resource ele-
ments and multiplex the same according to user. The OFDM
signal generators 260-1 to 260-K modulate the antenna-
specific symbols according to OFDM to output OFDM
symbols. The OFDM signal generators 260-1 to 260-K may
perform inverse fast Fourier transform (IFFT) on the
antenna-specific symbols. A cyclic prefix (CP) may be
inserted into time-domain symbols obtained through IFFT.
The CP 1s a signal mnserted into a guard interval to remove
inter-symbol interference due to multiple paths 1n OFDM
transmission. The OFDM symbols are transmitted through
the Tx antennas 270-1 to 270-Nt.

The structure of a downlink radio frame will now be
described with reference to FIGS. 3 and 4.

In a cellular OFDM wireless packet communication sys-
tem, uplink/downlink data packet transmission 1s performed
on a subframe-by-subirame basis and one subirame 1is
defined as a predetermined time 1nterval including a plural-
ity of OFDM symbols. 3GPP LTE supports type-1 radio
frame applicable to FDD (frequency division duplex) and
type-2 radio frame applicable to TDD (time division
duplex).

FIG. 3 1llustrates a type-1 radio frame structure. A down-
link radio frame includes 10 subirames. Each subirame 1s
turther divided into two slots in the time domain. A unit time
during which one subirame 1s transmitted i1s defined as
transmission time 1nterval (T'T1). For example, one subirame
may be 1 ms in duration and one slot may be 0.5 ms in
duration. A slot may include a plurality of OFDM symbols
in the ttime domain and a plurality of resource blocks (RBs)
in the frequency domain.

The number of OFDM symbols included in one slot may
depend on cyclic prefix (CP) configuration. CPs include an
extended CP and a normal CP. When an OFDM symbol 1s
configured with the normal CP, for example, the number of
OFDM symbols included in one slot may be 7. When an
OFDM symbol 1s configured with the extended CP, the
duration of one OFDM symbol increases, and thus the
number of OFDM symbols included 1n one slot 1s smaller
than that in case of the normal CP. In case of the extended
CP, the number of OFDM symbols allocated to one slot may
be 6. When a channel state i1s unstable, such as a case in
which a UE moves at a high speed, the extended CP may be
used to reduce inter-symbol interference.

When the normal CP 1s used, one subirame includes 14
OFDM symbols since one slot has 7 OFDM symbols. The
first two or three OFDM symbols 1n each subirame may be
allocated to a physical downlink control channel (PDCCH)
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and the remaining OFDM symbols may be allocated to a
physical downlink shared channel (PDSCH).

FIG. 4 illustrates a type-2 radio frame structure. The
type-2 radio frame includes 2 half frames each of which
includes 5 subirames. Subiframes may be classified into a
normal subiframe and a special subiframe. The special sub-
frame includes three fields of a downlink pilot time slot
(DwWPTS), a guard period (GP) and an uplink pilot time slot
(UpPTS). While the lengths of the three fields may be
individually set, the total length thereof needs to be 1 ms.
One sublrame consists of 2 slots irrespective of radio frame
type.

The radio frame structure 1s purely exemplary and thus
the number of subirames in a radio frame, the number of
slots 1n a subirame, or the number of OFDM symbols 1n a
slot may vary.

FIG. 5 1llustrates a resource grid 1n a downlink slot. FIG.
5 shows OFDM symbols 1n a normal CP case. Referring to
FIG. 5, the downlink slot includes a plurality of OFDM
symbols 1n the time domain and includes a plurality of RBs
in the frequency domain. While one downlink slot includes
7 OFDM symbols and one RB includes 12 subcarriers in
FIG. §, the present mvention 1s not limited thereto. Each
clement on the resource grid 1s referred to as a resource
clement (RE). For example, resource element a(k,l) corre-
sponds to the k-th subcarrier and 1-th OFDM symbol. One
RB includes 12x7 REs in a normal CP case (One RB
includes 12x6 REs 1n an extended CP case. Since spacing of
cach subcarner 1s 15 kHz, one RB corresponds to approxi-
mately 180 kHz in the frequency domain. The number N©*
of RBs included 1n the downlink slot depends on a downlink
transmit bandwidth set through scheduling of an eNB.

FIG. 6 illustrates a downlink subiframe structure. A maxi-
mum of three (one, two or three) OFDM symbols located in
a Iront portion of a first slot within a subirame correspond
to a control region to which a control channel 1s allocated.
The remaining OFDM symbols correspond to a data region
to which a physical downlink shared chancel (PDSCH) 1s
allocated. A basic transmission unit 1s one subframe. That 1s,
a PDCCH and a PDSCH are allocated to two slots.

Examples of downlink control channels used in 3GPP
LTE include a physical control format indicator channel

(PCFICH), a physical downlink control channel (PDCCH),
a physical hybrid ARQ indicator channel (PHICH), etc. The
PCFICH 1s transmitted at a first OFDM symbol of a sub-
frame and carries information regarding the number of
OFDM symbols used for transmission of control channels
within the subirame. The PHICH 1s a response of uplink
transmission and carries an HARQ acknowledgment
(ACK)/negative-acknowledgment (NACK) signal. Control
information transmitted through the PDCCH 1s referred to as
downlink control nformation (DCI). The DCI includes
uplink or downlink scheduling information or uplink Tx
power control commands for an arbitrary UE group. The
PDCCH may carry a transport format and a resource allo-
cation of a downlink shared channel (DL-SCH), resource
allocation information of an uplink shared channel (UL-
SCH), paging information on a paging channel (PCH),
system 1nformation on the DL-SCH, information on
resource allocation of an upper-layer control message such
as a random access response transmitted on the PDSCH, a
set of Tx power control commands on individual UEs within
an arbitrary UE group, a Tx power control command,
information on activation of a voice over IP (VoIP), etc. A
plurality of PDCCHs may be transmitted within a control
region. The UE may monitor the plurality of PDCCHs. The
PDCCH 1s transmitted on an aggregation of one or several
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consecutive control channel elements (CCEs). The CCE 1s a
logical allocation unit used to provide the PDCCH with a
coding rate based on a state of a radio channel. The CCE
corresponds to a plurality of resource element groups
(REGs). A format of the PDCCH and the number of bits of
the available PDCCH are determined by the number of
CCEs. The BS determines a PDCCH format according to
DCI to be transmitted to the UE, and attaches a cyclic
redundancy check (CRC) to control information. The CRC

1s masked with an i1dentifier referred to as a radio network

temporary 1dentifier (RN'T1) according to an owner or usage
of the PDCCH. If the PDCCH 1s for a specific UE, a

cell-RNTI (C-RNTT)) of the UE may be masked to the CRC.
Alternatively, when the PDCCH 1s for a paging message, a
paging indicator identifier (P-RNTI) may be masked to the
CRC. When the PDCCH 1s for system information (more
specifically, a system information block (SIB)), a system
information 1dentifier and system information RNTI (SI-
RNTI) may be masked to the CRC. To indicate a random
access response corresponding to a response to transmission
of a random access preamble of the UE, a random access-
RNTI (RA-RNTI) may be masked to the CRC.

FI1G. 7 1llustrates an uplink subirame structure. An uplink
subirame may be divided into a control region and a data
region 1n the frequency domain. "

The control region 1s
allocated a PUCCH including uplink control information.
The data region 1s allocated a PUSCH including user data.
The PUCCH 1s used for transmission of ACK/NACK for a
PDSCH, transmission of a channel quality indicator (CQI)
for frequency domain scheduling and PUSCH transmission
resource request (scheduling request). CQI information bits
may include one or more fields, for example, a CQI field
indicating a CQI 1index, a PMI (precoding matrix indicator)

field indicating an 1index of a precoding matrix 1 a code-
book, a rank indicator (RI) field indicating a rank, etc.

A PUCCH for a UE 1s allocated to an RB pair 1n a
subirame. RBs belonging to an RB pair occupy different
subcarriers 1 2 slots. That 1s, an RB pair allocated to a
PUCCH 1s frequency-hopped at a slot boundary.

MIMO System

FIG. 8 shows the configuration of a wireless communi-
cation system including multiple antennas. Referring to FIG.
8(a), i the number of transmit (IX) antennas increases to
N, and at the same time the number of receive (Rx)
antennas increases to N, then theoretical channel transmis-
sion capacity ol the wireless communication system
increases 1n proportion to the number of antennas, difler-
ently from a case in which only a transmitter or receiver uses
several antennas, so that transmission rate and frequency
elliciency may be greatly increased. In this case, the transfer
rate acquired by the increasing channel transmission capac-
ity may theoretically increase by a predetermined amount
that corresponds to multiplication of a maximum transier
rate (R_) acquired when one antenna 1s used and a rate of
increase (R,). The rate of increase (R,) may be represented
by the following equation 1.

R=mm(N N Equation 1
i 7HYR g

For example, provided that a MIMO system uses four Tx
antennas and four Rx antennas, the MIMO system may
theoretically acquire a high transfer rate which 1s four times
higher than that of a single antenna system. After the
above-mentioned theoretical capacity increase of the MIMO
system was demonstrated 1n the mid-1990s, many develop-
ers began to conduct intensive research into a variety of
technologies which may substantially increase data transter
rate using the theoretical capacity increase. Some of the
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above technologies have been reflected 1n a variety of
wireless communication standards, for example, third-gen-
cration mobile communication or next-generation wireless
LLAN, etc.

A variety of MIMO-associated technologies have been
intensively researched by many companies or developers,
for example, research into information theory associated
with MIMO commumnication capacity under various channel
environments or multiple access environments, research into
a radio frequency (RF) channel measurement and modeling
of the MIMO system, and research into a space-time signal
processing technology.

Mathematical modeling of a communication method for
use in the above-mentioned MIMO system will heremafter
be described 1n detail. As can be seen from FIG. 10(a), 1t 1s
assumed that there are N 'Tx antennas and N, RxX antennas.
In the case of a transmission signal, a maximum number of
transmission information pieces 1s N under the condition
that N Tx antennas are used, so that the transmission
information may be represented by a specific vector shown
in the following equation 2.

s=|s1,89 ..., Sl [Equation 2]

In the meantime, individual transmission information
pieces S, S,, . . . , Sx may have diflerent transmission
powers. In this case, 11 the individual transmission powers
are denoted by P,, P,, . . ., P, transmission information
having an adjusted transmission power may be represented
by a specific vector shown in the following equation 3.

]T

§S=185.,55, . .., Sn] '=/Ps,.Psss, . . ., PrSnr [Equation 3]

In Equation 3, s 1s a transmission vector, and may be
represented by the following equation 4 using a diagonal
matrix P of a transmission power.

P 0 S1 |Equation 4]
Py 52
5 = = Ps
0 PNT SNT

In the meantime, the information vector S having an
adjusted transmission power 1s applied to a weight matrix W,
so that N . transmission signals X, X,, . . . , X, t0 be actually
transmitted are configured. In this case, the weight matrix W
1s adapted to properly distribute transmission information to
individual antennas according to transmission channel situ-
ations. The above-mentioned transmission signals x;,
X,, . . . , Xarr may be represented by the following equation
5 using the vector X.

X = |Equation 5]
X1 Wi Wi wing || 51
X2 Wwar W22 Wanr 52
— . = Ws =WPs
X; Wit Wi WiNp S
ANT L | Wapt Wapz - Wapnp || Shp

Here, W, denotes a weight corresponding to 1-th 1X
antenna and j-th information. W represents a weight matrix
or precoding matrix.
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When N, Rx antennas are used, received signals vy,
V., - . . 5 Vap O Individual antennas may be represented by
a specific vector (y) shown 1n the following equation 6.

Y=Ly - - Iagl” [Equation 6]

In the meantime, when channel modeling 1s executed 1n
the MIMO communication system, individual channels may
be distinguished from each other according to Tx/Rx
antenna indexes. A specific channel passing the range from
a Tx antenna j to a Rx antenna 11s denoted by h,,. In this case,
it should be noted that the index order of the channel h;; is

located before a Rx antenna index and 1s located after a Tx
antenna index.

FI1G. 8(b) shows channels from N, Tx antennas to an Rx
antenna 1. The channels may be tied up to be represented 1n
the form of a vector or matrix. Referring to FIG. 8(b), the
channels from the N Tx antennas to the Rx antenna 1 may
be represented by the following equation 7.

[Equation 7]

All channels from the N, Tx antennas to N, Rx antennas
may also be represented as follows.

- _ _ .
i iy hyo hi g |Equation 8]
hy hay Moy

H = 'T =
h; hiy B Ainy

_ h;ﬁ | 1 Anpl Bnp2 oo Bnpnp

Additive white Gaussian noise (AWGN) 1s added to an

actual channel which has passed the channel matrix H
shown 1n Equation 8. The AWGN n,, n,, . . ., n,, added to
cach of N, Rx antennas may be represented by a specific
vector shown 1n the following equation 9.

T

n=[m,ns, ..., Mg [Equation 9]

A reception signal calculated by the above-mentioned
equations may be represented by the following equation 10.

oy 1 [ e A2 vy T % n [Equation 10]
Y2 hor Iz long || X2 1y
Yy = = + =
Vi hiy o b Ping || % nj
Hx+n

In the meantime, the number of rows and the number of
columns of a channel matrix H indicating a channel condi-
tion are determined by the number of Tx/Rx antennas. In the
channel matrix H, the number of rows 1s equal to the number
(N,) of Rx antennas, and the number of columns 1s equal to
the number (N ) of Tx antennas. Namely, the channel matrix
H 1s denoted by an N,xN_. matrix.

Generally, a matrix rank 1s defined by a smaller number
between the number of rows and the number of columns, in
which the rows and the columns are independent of each
other. Therefore, the matrix rank may not be higher than the
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number of rows or columns. The rank of the channel matrix
H may be represented by the following equation 11.

rank(H)=min(NNz) [Expression 11]

The rank may be defined as the number of non-zero Eigen
values when Eigen value decomposition 1s performed on the
matrix. Similarly, the rank may be defined as the number of
non-zero singular values when singular value decomposition
1s performed on the matrix. Accordingly, the rank of the
channel matrix refers to a maximum number of pieces of
information that may be transmitted on a given channel.

In description of the specification, “rank™ with respect to
MIMO transmission indicates the number of paths through
which signals may be imdependently transmitted at specific
time 1n a specific frequency resource and “the number of
layers” refers to the number of signal streams transmitted
through each path. Since a transmitting end transmits as
many layers as the rank used 1n signal transmission, the rank
corresponds to the number of layers unless otherwise men-
tioned.

Reference Signal (RS)

When a packet 1s transmitted 1n a wireless communication
system, signal distortion may occur during transmission
since the packet 1s transmitted through a radio channel. To
correctly receive a distorted signal at a recerver, distortion of
the received signal needs to be corrected using channel
information. For channel estimation, a method of transmait-
ting a signal known to both a transmitter and a receiver to
detect channel information using a degree of distortion when
the signal 1s received through a channel 1s generally used.
The signal 1s referred to as a pilot signal or a reference
signal.

When data 1s transmitted and received using multiple
antennas, channel state between each Tx antenna and each
Rx antenna needs to be recognized in order to receive a
correct signal. Accordingly, a reference signal needs to be
present per 1x antenna.

Downlink reference signals include a common reference
signal (CRS) shared by all UEs 1n a cell and a dedicated
reference signal (DRS) for a specific UE only. Information
for channel estimation and demodulation may be provided
by the reference signals.

A receiver (UE) may estimate channel state from a CRS
and feed back indicators regarding channel quality, such as
a channel quality indicator (CQI), a precoding matrix 1ndi-
cator (PMI) and/or a rank indicator (RI), to a transmitter
(BS). The CRS may also be referred to as a cell-specific
reference signal. A reference signal related to feedback of
channel state information (CSI) such as CQI/PMI/RI may be
defined as a CSI-RS.

A DRS may be transmitted through a corresponding RE
when data on a PDSCH needs to be demodulated. A higher
layer may signal presence or absence of the DRS to the
corresponding UE and inform the UE that the DRS 1s valid
only when the PDSCH 1s mapped. The DRS may also be
referred to as a UE-specific reference signal or demodulation
reference signal (DMRS).

FIG. 9 illustrates patterns in which the CRS and DRS
defined 1n 3GPP LTE (e.g. release-8) are mapped to a
downlink RB. A downlink RB, as a unit to which a reference
signal 1s mapped, may be represented as one subiframe 1n the
time domainx12 subcarriers in the frequency domain. That
1s, one RB corresponds to 14 OFDM symbol s in the time
domain 1n a normal CP case (FIG. 9(a)) and to 12 OFDM
symbols 1n an extended CP case (FIG. 9(b)).

FIG. 9 1llustrates positions of reference signals on the RB
in a system 1n which a BS supports four Tx antennas. In FIG.
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9, REs denoted by 0, 1, 2 and 3 correspond to CRS positions
with respect to antenna port indices O, 1, 2 and 3. REs

denoted by D correspond to DRS positions.
CRS will now be described 1n detail.

CRS 1s used for estimation of a channel corresponding to

a physical antenna and distributed over the entire band as a

reference signal that may be commonly received by all UEs
in a cell. The CRS may be used for acquisition of CSI and

data demodulation.

The CRS 1s defined 1n various forms according to antenna
configuration of a transmitter (BS). 3GPP LTE (e.g. release-
8) supports various antenna configurations and a downlink
signal transmitter (BS) has three types of antenna configu-
rations, a single antenna, 2 Tx antennas and 4 Tx antennas.
When the BS performs single antenna transmission, a rei-
erence signal for a single antenna port 1s allocated. When the
BS performs 2 Tx antenna transmission, reference signals
for 2 antenna ports are allocated according to time division
multiplexing (TDM) and/or frequency division multiplexing,
(FDM) scheme. That 1s, the reference signals for 2 antenna
ports are discriminated by being disposed 1n different time

resources and/or different frequency resources. In addition,
when the BS supports 4 Tx antenna transmission, reference
signals for 4 antenna ports are disposed according to TDM/
FDM. Channel information estimated by a downlink signal
receiver (UE) through the CRS may be used for demodu-
lation of data transmitted through a transmission scheme
such as single antenna transmission, transmit diversity,
closed-loop spatial multiplexing, open-loop spatial multi-
plexing, multi-user MIMO (MU-MIMO), efc.

In MIMO, when a reference signal 1s transmitted through
an antenna port, the reference signal 1s transmitted 1n an RE

designated for the antenna port according to reference signal
pattern and no signal 1s transmitted 1n REs designated for
other antenna ports.

A rule of mapping CRS to an RB follows Equation 12.

k =6m+ (v+ vgpinr)mod 6 [Equation 12]

z {OJﬁﬁb—Bifpeﬂll}
- 1 if pe{2,3)
m=0,1,... ,2-NEg -1

P max, DL DE

( 0 if p=0and /=0

3 if p=0and{+0

3 if p=1and /=0

P 0 if p=1and /%0
3{n.mod 2) it p=2
|3+ 3(rn,mod 2) if p=3

cell

Vshif = Njp mod ©

In Equation 12, k 1s a subcarrier index, 11s a symbol index
and p 1s an antenna port index. In addition, N, % denotes
the number of OFDM symbols in a downlink slot, N, .”*
denotes the number of RBs allocated to downlink, n_1s a slot
index, N,,°” represents cell ID and mod represents modulo

operation. The position of a reference signal 1n the frequency
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domain depends on V.. Since V.. depends on cell ID,
the reference signal position has a frequency shift value per
cell.

Specifically, CRS position in the frequency domain may
be shitted such that different CRS positions are provided for
respective cells 1n order to improve channel estimation
performance through CRS. For example, when CRS 1s
disposed at intervals of 3 subcarriers, CRS may be disposed
in subcarrier 3k for a certain cell and disposed 1n subcarrier
3k+1 for another cell. A reference signal for an antenna port
1s disposed at intervals of 6 REs (1.e. 6 subcarriers) in the
frequency domain and maintains spacing of 3 REs from an
RE in which a reference signal for another antenna port 1s
disposed.

Power boosting 1s applicable to CRS. Power boosting
refers to transmitting a reference signal with higher power
using power from REs other than REs allocated for the
reference signal from among REs corresponding to a single
OFDM symbol.

A reference signal 1s disposed at specific intervals starting
from symbol mndex #0 of each slot in the time domain. The
interval 1s defined depending on CP length. The reference
signal 1s disposed at symbols corresponding to symbol
indices #0 and #4 of a slot in a normal CP case and disposed
at symbols corresponding to symbol indices #0 and #3 of the
slot 1n an extended CP case. Accordingly, 1n case of 4 Tx
antenna transmaission, reference signals for antenna ports O
and 1 are disposed at symbols corresponding to symbol
indices #0 and #4 (symbol 1indices #0 and #3 1n the extended
CP case) of a slot and reference signals for antenna ports 2
and 3 are disposed at a symbol corresponding to symbol
index #1 of the slot. However, positions of frequencies of
reference signals for antenna ports 2 and 3 are switched in
the second slot.

To support spectral efhiciency higher than that of 3GPP
LTE (e.g. release-8), a system (e.g. LTE-A) having an
extended antenna configuration may be designed. The
extended antenna configuration may be an 8 Tx antenna
configuration, for example. The system having the extended
antenna configuration needs to support UEs operating with
legacy antenna configurations, that 1s, backward compatibil-
ity. Accordingly, 1t 1s necessary to support reference signal
patterns according to the legacy antenna configurations and
to design a new reference signal pattern for an additional
antenna configuration. Here, when a CRS for a new antenna
port 1s added to a system having the legacy antenna con-
figurations, reference signal overhead remarkably increases
to decrease data transfer rate. In view of this, an additional
reference signal (CSI-RS) for CSI measurement for a new

antenna port may be mtroduced to LTE-A.

DRS will now be described 1n detail.

DRS (or a UE-specific reference signal) 1s used for data
demodulation. A precoding weight used for a specific UE
during multi-antenna transmission 1s applied to DRS such
that the UE may estimate an equivalent channel correspond-
ing to a combination of the precoding weight transmaitted
from each Tx antenna and a transport channel upon recep-
tion of the DRS.

3GPP LTE (e.g. release-8) supports transmission of up to
4 Tx antennas and defines a DRS for rank-1 beamforming.
The DRS for rank-1 beamiorming may be represented as a
reference signal for antenna port index #5. A rule of mapping
DRS to an RB follows Equations 13 and 14. Equation 13
corresponds to a normal CP case and Equation 14 corre-

sponds to an extended CP case.




US 9,479,300 B2

15

= (k" Ymod Ni% + NR5 . nprp [Equation 13]

dm’ + Vshift if [ e {2, 3}
k' =
Am’ + (2 + vgp)mod 4 1t [ € {5, 6}

(3 =0

6 ['=1
Z:{

2 =2

5 =3

J_ 0,1 1if pymod 2 =10
12,3 if ramod2 =1
m =0,1,... ,3NLg> —1

Vshift = NFBHIIIGC] 3

= (k")mod NEP + NX - nppg [Equation 14]

3m’ + Vshift 1if [ =4
k' =
{ 3m" + (2 + vyp)mod 3 if =1

4 I elo, 2}
32{1 /=1
l":{ 0 1if rumod 2 =0
1,2 if r;mod 2 =1
m =0,1,... ,4Npg " — 1

cell

Vshifp = Njp mod 3

In Equations 13 and 14, k 1s a subcarrier index, 1 1s a
symbol index and p 1s an antenna port index. In addition,
N denotes an RB size in the frequency domain and
represents the number of subcarriers, n, . denotes a physi-
cal resource block number and N.”"”>“* represents the
bandwidth of an RB for corresponding PDSCH transmis-
sion. Furthermore, n_ is a slot index, N,,,°°” denotes cell ID
and mod represents modulo operation. The position of a
reference signal in the frequency domain depends on V.
Since V. depends on cell ID, a reference signal position
has a frequency shift value per cell.

LTE-A may support up to 8 Tx antennas on downlink.
Accordingly, RSs for up to 8 Tx antennas need to be
supported. In LTE, downlink RS 1s defined for up to 4
antenna ports only in LTE. Accordingly, when a BS has 4 to
8 downlink Tx antennas i an LTE-A system, RSs for
antenna ports ol the Tx antennas need to be additionally
defined. Both an RS for channel measurement and an RS for
data modulation need to be considered as RSs for up to 8 Tx
antenna ports.

One important factor in design of an LTE-A system 1s
backward compatibility. Backward compatibility means
supporting legacy LTE UEs so that such UEs correctly
operate in LTE-A. In terms of RS transmission, when RSs
for up to 8 Tx antenna ports are added to a time-frequency
region 1n which CRS defined 1n LTE 1s transmitted over the
entire bandwidth per subiframe, RS overhead excessively
increases. Accordingly, 1t 1s necessary to reduce RS over-
head 1n design of new RSs for up to 8 antenna ports.

RSs newly introduced to LTE-A may be classified into
two categories. One category 1s a demodulation RS (DMRS)
used to demodulate data transmitted through up to 8 Tx
antennas. If data 1s transmitted 1 a certain downlink sub-
frame, then DMRS 1s transmitted to a UE scheduled to
perform data transmission. DMRS dedicated for a specific
UE may be designed such that the same 1s transmitted only
in a resource region for which the UE 1s scheduled, that 1s,
a time-1requency region in which data for the UE 1s trans-
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mitted. The other RS 1s a CSI-RS for channel measurement
for selecting a transport rank, a modulation and coding

scheme (MCS) and a PMLI.

The CSI-RS 1s designed mainly for channel measurement,
differently from CRS 1n LTE, which 1s used for measurement
such as channel measurement and handover and at the same
time for data demodulation. The CSI-RS may also be used
for measurement such as handover. Since the CSI-RS 1s
transmitted only in order to obtain information about chan-
nel state, the CSI-RS need not be transmitted per subirame,
differently from CRS 1n LTE. Accordingly, the CSI-RS may
be designed such that the same 1s intermittently (e.g. peri-
odically) transmitted in the time domain to reduce overhead.

FIG. 10 illustrates exemplary CSI-RS patterns defined 1n
LTE-A. FIG. 10 shows positions of REs in which CSI-RS 1s
transmitted on one RB (14 OFDM symbols 1n the time
domainx12 subcarriers 1n the frequency domain 1n a normal
CP case) through which downlink data is transmitted. One of
the CSI-RS patterns shown in FIGS. 10(a) to 10(e) may be
used 1in a downlink subiframe. The CSI-RS may be trans-

mitted for 8 antenna ports (corresponding to antenna port

indices #15 to #22) additionally defined 1n LTE-A. CSI-RSs
for different antenna ports may be discriminated by being
disposed 1n different frequency resources (subcarriers) and/
or different time resources (OFDM symbols) (1.e. multi-

plexed according to FDM and/or TDM). In addition, CSI-

RSs for different antenna ports, which are disposed 1n the
same time-frequency resource, may be discriminated by
different orthogonal codes (1.e. multiplexed according to
CDM). CSI-RSs for antenna ports #15 and #16 may be
disposed 1n REs belonging to CSI-RS group 1 in the
example of FIG. 10(a) and multiplexed by orthogonal codes.
CSI-RSs for antenna ports #17 and #18 may be disposed 1n
REs belonging to CSI-RS group 2 in the example of FIG.
10(a) and multiplexed by orthogonal codes. CSI-RSs for

antenna ports #19 and #20 may be disposed 1n REs belong-
ing to CSI-RS group 3 in the example of FIG. 10(a) and
multiplexed by orthogonal codes. CSI-RSs for antenna ports
#21 and #22 may be disposed in REs belonging to CSI-RS
group 4 1n the example of FIG. 10(a) and multiplexed by

orthogonal codes. The principle described with reference to
FIG. 10(a) 1s equally applicable to FIGS. 10(d) to 10(e).

The RS patterns illustrated in FIGS. 9 and 10 are exem-
plary and are not limited to specific patterns 1n application
of various embodiments of the present mvention. That 1is,
vartous embodiments of the present invention may be
equally applied even when RS patterns diflerent from those
shown 1 FIGS. 9 and 10 are defined and used.

CSI Feedback

To correctly perform MIMO, a recerver may feed back an
RI, PMI and CQI to a transmitter. The RI, PMI and CQI may
be collectively referred to as CSI. To generate and calculate
CSI, the receiver may estimate a channel using a reference
signal (CRS or SCI-RS) from the transmitter.

RI 1s information on a channel rank. The channel rank
denotes a maximum number of layers through which dii-
ferent pieces ol information may be transmitted. RI 1s
determined on the basis of the number of allocated transport
layers and may be obtained from related DCI.

PMI 1s imnformation on a precoding matrix used for
transmission {rom the transmitter. Precoding refers to map-
ping of a transport layer to a Tx antenna and a layer-antenna
mapping relationship may be determined by a precoding
matrix. To reduce precoding information feedback overhead,
the transmitter and the receiver may previously share a
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codebook including various precoding matrices and only an
index indicating a specific precoding matrix in the codebook
may be fed back.

CQI 1s information indicating channel quality. CQI may
be represented by a predetermined MCS combination. That
1s, a fed back CQI indicates a corresponding modulation
scheme and code rate.

A detailed method through which a UE feeds back CSI
through an uplink control channel 1s referred to as CSI
configuration. For example, CSI configuration information
includes a CSI feedback time, period, oflset, order, channel,
etc.

FIG. 11 illustrates an example of CSI feedback mn a
non-CoMP system. Specifically, FIG. 11 shows an example
in which a UE feeds back CSI using containers of PUCCH
format 2 at intervals of 5 ms. According to CSI configuration
information of FIG. 11, CSI 1s fed back 1n such a manner that
an RI 1s transmuitted 1n the first container and a PMI and CQI
are transmitted in the second to fourth containers.

In the meantime, new CSI 1s applicable to a system (e.g.
LTE-A) supporting extended antenna conﬁgurations For
example, precoding information fed back by a recerver may
be indicated by a combination of two PMIs. One (first PMI)
of the two PMIs may be referred to as W1 (or second type
PMI) and the other (second PMI) may be referred to as W2
(or first type PMI). A final PMI may be determined by a
combination (or function) of W1 and W2. For example, 1f
the final PMI 1s W, then, W=W1*W2 or W=W2*W1].

RI and W1 retlect average characteristics of a channel in
the frequency or time domain. In other words, RI and W1
may reflect wideband channel characteristics in the 1fre-
quency domain and long-term channel characteristics in the
time domain. To simply represent the characteristics of Rl
and W1, RI and W1 are referred to as long-term wideband
CSI 1n the specification. That 1s, long-term wideband CSI
refers to CSI reflecting long-term channel characteristics in
the time domain, CSI reflecting wideband channel charac-
teristics 1n the frequency domain or CSI simultaneously
reflecting long-term channel characteristics 1n the time
domain and wideband channel characteristics 1n the fre-
quency domain in the specification.

W2 and CQI are determined on the basis of RI and W1
and reflect relatively instantaneous channel characteristics
as compared to RI and W1. In other words, W2 and CQI may
reflect subband channel characteristics in the frequency
domain and short-term channel characteristics 1n the time
domain. To simply represent the characteristics of W2 and
CQI, W2 and CQI are referred to as short-term subband CSI
in the specification. That 1s, short-term subband CSI refers
to CSI reflecting short-term channel characteristics in the
time domain, CSI retlecting subband channel characteristics
in the frequency domain or CSI simultaneously reflecting
short-term channel characteristics 1n the time domain and
subband channel characteristics 1n the frequency domain 1n
the specification.

In LTE-A, CSI may include RI, W1, W2 and CQI, as
described above. Accordingly, it 1s necessary to define a new
scheme for transmitting and receiving feedback information.
A description will be given of embodiments of the present
invention related to the new transmission/reception scheme.

CSI Feedback 1n a CoMP System

In a CoMP system, a UE may receive downlink channels
from multiple cells and feed back CSI on a downlink
channel from each cell. In the following, a cell that partici-
pates or may participate imn CoMP operation 1s referred to as
a CoMP cell. In addition, a UE that performs or may perform
transmission and reception according to CoMP operation 1s
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referred to as a CoMP UE. While the number of cells
participating in CoMP operation 1s 2 in the following for
convenience of description, the scope of the present inven-
tion 1s not limited thereto and the principle of the present
invention 1s equally applicable to a case 1n which 3 or more

CoMP cells are present.

FIG. 12 illustrates an example of CSI feedback in a CoMP
system. When a UE feeds back CSI on each CoMP cell, the
UE may transmit CSI on a neighboring cell (or nelghbormg
eNB) participating in CoMP operation using the same
method as a method of transmlttmg CSI on a serving cell.
For example, 1f a single neighboring cell participates 1n
CoMP operation, then the CoMP UE may calculate CSI 1n
the same format for the serving cell and the neighboring cell
and feed back the same. When a radio channel 1s present
between the CoMP UE and a neighboring cell, the CoMP UE
may directly feed back CSI on the neighboring cell to the
neighboring cell. Otherwise, a UE served by the serving cell
may feed back CSI (RI, W1, W2 and CQI) on a neighboring
cell to the serving cell, as shown 1n FIG. 12. In this case, the
CSI fed back by the UE may be shared by cells through a
backhaul link.

Here, the UE feeds back CSI on a neighboring cell as well
as CSI on the serving cell in the CoMP system and thus
payload increases. Therefore, the UE may feed back CSI by
improving the feedback method according to CSI configu-
ration information, as illustrated in FIG. 11. For example,
the UE may feed back CSI according to a configuration in
which a container payload size 1s increased, as 1llustrated in
FIG. 13, 1n the CoMP system. Referring to FIG. 13, the UE
may simultaneously transmit the CSI on the serving cell and
the CSI on the neighboring cell according to the configu-
ration in which the container payload size 1s increased. For
instance, the UE may feed back CSI using a PUCCH format
3 container having a larger payload size than a PUCCH
format 2 container used 1n a non-CoMP system. In addition,
the UE may feed back CSI according to a configuration in
which the CSI on the serving cell and the CSI on the
neighboring cell are alternately transmitted, as 1llustrated in
FIG. 14, in the CoMP system. Referring to FIG. 14, the UE
may transmit the CSI (RI1, PMI1 and CQI1) on the serving
cell in an odd-numbered container and transmit the CSI
(RI2, PMI2 and CQI2) on the neighboring cell 1n an even-
numbered container. Furthermore, various CSI configura-
tions for feedback of the CSI on the serving cell and
neighboring cell are applicable to the present invention.

When the same CSI 1s fed back for CoMP cells 1n the
CoMP system, CSI feedback overhead increases according
to the number of CoMP cells. In this case, the quantity of
resources that can be used for the UFE to transmit data, from
among resources that can be used for the UE for transmis-
s1on to eNBs, decreases as overhead with respect to control
signals increases. Accordingly, an eflicient CSI transmission
method for reducing feedback overhead while accomplish-
ing sutlicient CSI accuracy 1s applied. For example, the UE
may drop W2 with respect to the neighboring cell or the
serving cell during feedback of CSI on each CoMP cell. In
this case, feedback overhead may be reduced since W2 1s not
transmitted while quantization error may increase as com-
pared to a PMI composed of both W1 and W2. Alternatively,
teedback overhead may be additionally reduced by restrict-
ing the RI with respect to the neighboring cell, fed back by
the UE, ({or example, by fixing the RI to 1 or setting the RI
to the same value as RI with respect to the serving cell).

Additional Feedback Information of CoMP System

A feedback method 1 a CoMP system according to an
embodiment of the present invention may transmit muting
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point mformation as additional feedback information in
addition to CSI described with reference to FIG. 12.

The muting point mformation 1s mmformation about an
e¢NB that does not transmit a signal (does not participate 1n
CoMP transmission) to mitigate interference from among
eNBs participating 1n CoMP transmission. For example, 1f
CoMP performance 1s improved when a third eNB from
among the first, second and third eNBs participating 1n
CoMP operation does not transmit a signal, then the UE may
transmit information indicating the third eNB as a preferred
muting eNB to the eNBs. A network may determine an eNB
that does not participate in CoMP transmission on the basis
of the muting point information. While feedback overhead
increases as the number of eNBs participating in CoMP
operation increases, capacity of channels on which feedback

[ 1

information can be transmitted 1s limited and thus the UE
may not transmit suilicient feedback information. Accord-
ingly, CoMP system performance may be improved by
designating a specific eNB as a muting point.

FIG. 15 illustrates an example of transmitting muting

point information as additional feedback information. Retfer-
ring to FIG. 15, the UE may respectively feed back CSI (R,
PMI and CQI) to a plurality of CoMP eNBs and transmuit
muting point information indicating some of the CoMP
eNBs as muting points. The UE may reduce feedback
overhead by feeding back CSI only to an eNB that 1s not a
preferred muting point from among the plurality of CoMP
eNDBs.

A description will be given of a method for transmitting
muting point information as additional feedback informa-
tion.

FIG. 16 1s a flowchart illustrating an exemplary feedback
method according to an embodiment of the present inven-
tion.

A UEFE receives reference signals from a plurality of eNBs
capable of participating in CoMP operation (5161). The
reference signal has been described above and thus descrip-
tion thereof 1s omitted.

Then, the UE measures channel state values with respect
to the plurality of eNBs on the basis of the receirved
reference signals (S163). The channel state values indicate
channel states of the eNBs and may be a signal-to-interfer-
ence-plus-noise ratio (SINR), for example.

The UE transmits, to the eNB, muting point information
indicating a preferred eNB that does not participates 1n
CoMP transmission from among the plurality of eNBs
(S165).

Here, the UE may feed back the muting point information
using bit mapping. For example, when N serving eNBs are
present, the number of cases 1n which at least one of N-1
serving eNBs 1s muted may be mapped to Nb bits. The

number Nb of bits may be represented by Equation 15.

|Equation 15]
Nb =

In Equation 15, C represents combination. The UE may
transmit the muting point mmformation using bit mapping.
Here, the maximum number of muting points may be
restricted 1n order to reduce overhead of information using,
bit mapping. For example, when the maximum number of
muting points 1s limited to M (M being a natural number less
than or equal to N-1), the required number of bits can be
represented as follows.
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|Equation 16]

Nb = 1ag22 (nCi)
i=1

To reduce overhead of information using bit mapping, the
number of muting points may be limited to P (P being a
natural number less than or equal to N-1). For example,
when the number of muting points i1s limited to M, the
required number of bits can be represented as follows.

Nb=[log>(nCp)] [Equation 17]

FIG. 17 1s a flowchart illustrating an exemplary feedback
method according to another embodiment of the present
invention.

Referring to FIG. 17, the UE receives information on

predetermined muting point combinations from each e¢NB
through a radio resource control (RRC) signal (S171). That

1s, the UE may perform feedback with relatively small
overhead by transmitting information for selecting one of
the muting point combinations included in the muting point
combination information. The muting point combinations
may be determined in consideration of the positions of the
UE, a serving eNB and a neighboring eNB.

The UE recerves a reference signal from each eNB (5173)

and measures a channel state value on the basis of the
received reference signal (S175). Steps S173 and S175

correspond to steps S161 and S163 of FIG. 16 and thus

detailed description thereof 1s omitted.

Subsequently, the UE determines a muting point on the
basis of the measured channel state value. The UE may
select one of the muting point combinations received from

the eNB and feed back the selected one to the eNB.

FIG. 18 1s a flowchart illustrating an exemplary feedback
method according to another embodiment of the present

invention. In the present embodiment, the UE may indirectly
teed back muting point information on the basis of first and
second (or more) CSI configuration information received
from the eNB.

Referring to FIG. 18, the UE receives the first and second
CSI configuration information for measurement of difierent
interference environments from the eNB (S181). For
example, the UE may receirve the first and second CSI
configuration mformation based on whether a muting point
1s applied from the eNB. The first CSI configuration infor-
mation 1s information with respect to a case 1 which
interference from a plurality of neighboring cells capable of
participating 1n CoMP operation 1s present. The second CSI
confliguration information 1s mformation with respect to a
case 1n which interference from neighboring cells except for
at least one of the plurality of neighboring cells capable of
participating in CoMP operation 1s present. While the eNB
knows whether a muting point 1s applied according to the
first and second CSI configuration information, the UE
indirectly feeds back muting point information through the
following procedure according to the first and second CSI
configuration information.

The UE receiwves first and second reference signals
according to the first and second CSI configuration infor-
mation, respectively (S183). The first and second reference
signals may be disposed in different subirames or different
resource elements and transmitted to the UE.

Then, the UE measures a first channel state value to which
the muting point 1s not applied and a second channel state to
which the muting point 1s applied using the first and second
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reference signals received according to the first and second
CSI configuration information (S185). The channel state
values may be SINR.

Subsequently, the UE calculates CSI (e.g. CQI) on the
basis of one of the first and second channel state values
(S187). Here, the UE may select one of the first and second
channel state values using a muting reference value. For
example, the UE calculates CSI on the basis of the second
channel state value when a diflerence obtained by subtract-
ing the first channel state value from the second channel
state value 1s greater than the muting reference value. That
1s, the muting reference value 1s a basis for determination of
whether SINR gain obtained when the mutmg point 1s
applied 1s sutliciently large. When the difference 1s less than
the muting reference value, the UE calculates CSI on the
basis of the first channel state value to which the muting
point 1s not applied.

The UE transmits, to the eNB, the CSI and a selection
index indicating, Wthh one of the ﬁrst and second reference
signals 1s used to calculate the CSI (8189). That 1s, the UE
may indirectly feed back the muting point information to the
eNB by transmitting the selected one of the first and second
channel state values corresponding to the first and second
CSI configuration information and the selection index. The
e¢NB that has transmitted the first and second CSI configu-
ration information in step S181 1s indirectly provided with
muting point information feedback by receiving the selec-
tion index.

The UE may feed back muting point information using,
resources saved according to the aforementioned CSI feed-
back overhead reduction method. For example, the UE may
fix RI of a neighboring cell to 1 or set the RI to the same
value as RI of the serving cell to save resources and feed
back muting point information.

When the UE feeds back the muting point information,
the UE may apply one of the following methods as an SINR
calculation method for CQI calculation. The UE may cal-
culate SINR by excluding interference generated from a
muting point from entire interference signal power. Other-
wise, the UE may calculate SINR on the basis of the entire
interference signal power. Furthermore, the UE may use a
difference between SINR calculated on the basis of the entire
interference signal power and SINR calculated by excluding
interference generated from the muting point from the entire
interference signal power.

FIG. 19 1llustrates configurations of a UE and an eNB
according to the present ivention.

Referring to FI1G. 19, a UE 1910 according to an embodi-
ment of the present mvention may include a reception
module 1911, a transmission module 1912, a processor
1913, a memory 1914 and a plurality of antennas 19135. The
antennas 1913 represent that the UE 1910 supports MIMO
transmission and reception. The reception module 1911 may
receive signals, data and information from an eNB on
downlink. The transmission module 1912 may transmit
signals, data and information to the eNB on uplink. The
processor 1913 may control overall operation of the UE
1910.

The UE 1910 according to an embodiment of the present
invention may be configured to feed back muting point
information. The processor 1913 of the UE 1910 may be
configured to receive, through the reception module 1911,
reference signals for CSI feedback from a plurality of eNBs
1920 and 1930. In addition, the processor 1913 may be
configured to measure channel state values with respect to
the plurality of eNBs 1920 and 1930 on the basis of the

reference signals. Furthermore, the processor 1913 may be
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configured to transmit, through the transmission module
1912, muting point information that 1s determined on the
basis of channel state values and indicates a preferred eNB

that does not participate in CoMP transmission {from among
the plurality of eNBs 1920 and 1930.

The processor 1913 of the UE 1910 may process infor-
mation received by the UE 1910, information transmitted
from the UE 1910 to the outside, etc. The memory 1914 may
store processed information for a predetermined time and
may be replaced by a component such as a bufler (not
shown).

Referring to FIG. 19, the first eNB 1920 according to an

embodiment of the present invention may include a recep-
tion module 1921, a transmission module 1922, a processor
1923, a memory 1924 and a plurality of antennas 1925. The
antennas 1923 represent that the first eNB supports MIMO
transmission and reception. The reception module 1921 may
receive signals, data and mformation from the UE 1910 on
uplink and receive inter-eNB information from the other
e¢NB 1930. The transmission module 1922 may transmit
signals, data and information to the UE 1910 on downlink
and transmit inter-eNB information to the other eNB 1930.
The processor 1923 may control overall operation of the
eNB 1920.

The first eNB 1920 according to an embodiment of the
present 1nvention may be configured to support CoMP
communication.

In addition, the processor 1923 of the first eNB 1920 may
process information received by the first eNB 1920, infor-
mation transmitted from the first eNB 1920 to the outside,
ctc. The memory 1924 may store processed information for
a predetermined time and may be replaced by a component
such as a bufler (not shown).

Referring to FIG. 19, the second eNB 1930 according to
an embodiment of the present mvention may include a
reception module 1931, a transmission module 1932, a
processor 1933, a memory 1934 and a plurality of antennas
1935 for MIMO transmission and reception. The reception
module 1931 may receive signals, data and information
from the UE 1910 on uplink and receive inter-eNB infor-
mation from the other eNB 1920. The transmission module
1932 may transmit signals, data and information to the UE
1910 on downlink and transmait inter-eNB 1nformation to the
other eNB 1920. The processor 1933 may control overall
operation of the eNB 1930.

The second eNB 1930 according to an embodiment of the

present invention may be configured to support CoMP
communication.

In addition, the processor 1933 of the second eNB 1930
may process information received by the second eNB 1930,
information transmitted from the second eNB 1930 to the
outside, etc. The memory 1934 may store processed infor-
mation for a predetermined time and may be replaced by a
component such as a bufler (not shown).

The atorementioned configurations of the eNBs and the
UE 1910 may be implemented such that the above-described
embodiments are independently applied or two or more
thereol may be simultaneously applied and redundant
description 1s omitted for clarty.

The description of the first eNB 1920 and/or the second
eNB 1930 with reference to FIG. 19 may be equally applied
to a relay corresponding to a downlink transmitting entity or
an uplink reception entity.

The embodiments of the present invention may be
achieved by various means, for example, hardware, firm-
ware, software, or a combination thereof.
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In a hardware configuration, the methods according to the
embodiments of the present invention may be achieved by
one or more Application Specific Integrated Circuits
(ASICs), Digital Signal Processors (DSPs), Digital Signal
Processing Devices (DSPDs), Programmable Logic Devices
(PLDs), Field Programmable Gate Arrays (FPGASs), proces-

sors, controllers, microcontrollers, microprocessors, efc.

In a firmware or soitware configuration, the embodiments
of the present invention may be implemented in the form of
a module, a procedure, a function, etc. For example, sofit-
ware code may be stored 1n a memory unit and executed by
a processor. The memory unit 1s located at the interior or
exterior ol the processor and may transmit data to and
receive data from the processor via various known means.

The detailed description of the preferred embodiments of
the present invention 1s given to enable those skilled 1n the
art to realize and implement the present invention. While the
present mvention has been described referring to the pre-
terred embodiments of the present invention, those skilled 1in
the art will appreciate that many modifications and changes
may be made to the present invention without departing
from the spirit and essential characteristics of the present

invention. For example, the structures of the above-de-
scribed embodiments of the present invention may be used
in combination. The above embodiments are therefore to be
construed 1n all aspects as illustrative and not restrictive.
Therefore, the present invention 1s not intended to limait the
embodiments disclosed herein but to give a broadest range
matching the principles and new features disclosed herein.

Those skilled 1n the art will appreciate that the present
invention may be carried out in other specific ways than
those set forth herein without departing from the spirit and
essential characteristics of the present invention. The above
embodiments are therefore to be construed 1n all aspects as
illustrative and not restrictive. The scope of the mvention
should be determined by the appended claims and their legal
equivalents, not by the above description, and all changes
coming within the meaning and equivalency range of the
appended claims are imntended to be embraced therein. There-
fore, the present invention intends not to limit the embodi-
ments disclosed herein but to give a broadest range matching,
the principles and novel features disclosed heremn. It 1s
obvious to those skilled 1n the art that claims that are not
explicitly cited in each other 1n the appended claims may be
presented 1n combination as an embodiment of the present
invention or included as a new claim by subsequent amend-
ment after the application 1s filed.

INDUSTRIAL APPLICABILITY

The above-described embodiments of the present inven-
tion are applicable to various mobile communication sys-
tems.

The 1nvention claimed 1s:

1. A method for transmitting feedback information with
respect to coordinated multi-point (CoMP) transmission 1n a
wireless communication system, the method performed by a
user equipment (UE) and comprising:

receiving muting point combination information about

combinations of base stations not-participating 1n
CoMP transmission from among a plurality of base
stations;

receiving reference signals for feedback of channel state

information (CSI) from the plurality of base stations
capable of participating in CoMP transmission;
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measuring channel state values with respect to the plu-
rality of base stations on the basis of the reference
signals; and

transmitting muting point information determined on the
basis of the channel state values and indicating a
preferred base station not-participating in CoMP trans-
mission from among the plurality of base stations,

wherein the muting point information indicates one of the
combinations included in the muting point combination
information.

2. The method of claim 1, further comprising determining,
a base station not-participating in CoMP transmission from
among the plurality of base stations on the basis of the
muting point information on a network.

3. A method for transmitting feedback information with
respect to CoMP transmission in a wireless communication
system, the method performed by a user equipment (UE) and
comprising;

recerving a lirst reference signal on the basis of first
configuration information corresponding to a case 1n
which interference from a plurality of base stations
capable of participating in CoMP transmission 1S pres-
ent,

recerving a second reference signal on the basis of second
conflguration information corresponding to a case 1n
which interference from the remaining base stations,
except for at least one of the plurality of base stations,
1S present;

respectively measuring a first channel state value and a
second channel state value on the basis of the first
reference signal and the second reference signal;

calculating a channel quality index (CQI) on the basis of
one selected between the first channel state value and

the second channel state value; and

transmitting the CQI and a selection index including
information on the selection,

wherein the calculating of the CQI comprises:

calculating the CQI on the basis of the second channel
state value when a difference between the second
channel state value and the first channel state value
1s greater than a muting reference value, and

calculating the CQI on the basis of the first channel
state value when the difference between the second
channel state value and the first channel state value
1s less than or equal to the muting reference value.

4. The method of claim 3, wherein the first reference
signal and the second reference signal are disposed in
different subirames.

5. The method of claim 3, wherein the first reference
signal and the second reference signal are disposed 1n
different resource elements.

6. The method of claim 3, further comprising receiving
the first configuration mformation and the second configu-
ration information.

7. A user equipment (UE) for transmitting feedback
information with respect to CoMP transmission 1n a wireless
communication system, the UE comprising:

a recerver configured to receive downlink signals from a
plurality of base stations capable of participating in
CoMP transmission;

a transmitter configured to transmit an uplink signal to the
plurality of base stations; and



US 9,479,300 B2

25

a processor configured to:

control the receiver and the transmitter:;

receive muting point combination information about
combinations of base stations not-participating in
CoMP transmission from among the plurality of base >
stations;

receive relerence signals for CSI feedback from the
plurality of base stations through the reception mod-
ule:

measure channel state values with respect to the plu-
rality of base stations on the basis of the reference
signals; and

transmit muting point information through the trans-
mission module, the muting point information being
determined on the basis of the channel state values
and indicating a preferred base station not-partici-
pating in CoMP transmission from among the plu-
rality of base stations,

wherein the muting point information 1ndicates one of 20
the combinations included 1n the muting point com-
bination information.

8. A user equipment (UE) for transmitting feedback
information with respect to CoMP transmission 1n a wireless
communication system, the UE comprising: 25

a receiver configured to receive downlink signals from a

plurality of base stations capable of participating in
CoMP transmission;

a transmitter configured to transmit an uplink signal to the
plurality of base stations; and
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a processor configured to:

control the receiver and the transmitter;

receive, through the reception module, a first reference
signal on the basis of first configuration information
corresponding to a case 1in which interference from a
plurality of base stations capable of participating 1n
CoMP transmission 1s present;

receive, through the reception module, a second refer-
ence signal on the basis of second configuration
information corresponding to a case in which inter-
ference from the remaining base stations, except for
at least one of the plurality of base stations, 1s
present;

respectively measure a first channel state value and a
second channel state value on the basis of the first
reference signal and the second reference signal;

calculate a CQI on the basis of one selected between the
first channel state value and the second channel state
value;

transmit the CQI and a selection index including infor-
mation on the selection through the transmission
module;

calculate the CQI on the basis of the second channel
state value when a difterence between the second

channel state value and the first channel state value
1s greater than a muting reference value; and

calculate the CQI on the basis of the first channel state
value when the difference between the second chan-
nel state value and the first channel state value 1s less
than or equal to the muting reference value.
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